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Fxperiments on the functon of the eye in light
microscopy™

by JOHN R. BAKER, Cytological Laboratory, Department of Zoology, Parks Road,
Ozford

SYNODISIS :
Since the rays of light can be traced from the lenses of rhe niicroscope to the reting,
2ad since discoverics by light microscopy are nearly always made direetly by the eye,
this organ may be regarded as an integral part of the instrument. Nevertheless, it
would not appear thuat experiments have previously been performed to establish
certain important facts about the function of the cye innicroscopy.

The experiments described in this paper have given the following resules,

In microscopy the eye is generally focused for closer-than-distant vision. In
el as the mderascope, the tays from a point in the

grams showing the eye as w
primary image produced by the objective <ol Ediver e beoween The eye-lens andd
the aye,

‘Thie awthor questions the validity of the weihod vominonly wed 1o dererinine
visual acuity, His experiments suggest that in conditions simulating those of micro-
scopy, visual acuity is only abour § (i.c. lights subtending an angle of 27 at the cye
car usually be seen separately, but those subtending 17 usually cannot). It follows
ther an eyepicce magnifying at least 8 times is required to render visible all the
dezails in the primary image produced by a first-rate oil-immension objective.
Visual acuity does not rise progressively, as is usually supposed, with increase in

Vis
the luminance (brightness) of the object viewed. It is highest with quite moderate

harninance.
The mean diameter of the pupil of expericnced microscopists, while actually using
the microscope, is about 2-8 mm. . o

* The substance of this paper was delivered as the Presidential Address on Sth January, 1966.
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INTRODUCTION

There are two senses in which it may be said that the eye is an integral part of the
light microscope. First, the rays of light may be traced all the way from the object to
the retina. Sceondly, discoveries are nearly always made dircctly with the ¢ye,
except when cinematography is used. As a general tule the photomicrograph is
only used by the discoverer to exhibit his findings to others. In both these respects
there is a strong contrast with clectron microscopy, 1n which a new sct of rays
originates in the phosphor particles in the screen, and discoveries are nearly always
made by the study of micrographs.

Although such a wealth of knowledge exists about the optics of microscopy and
about ophthalmology, little has been done to bring the two subjects together by
investigations of the function of the eye while it is engaged in microscopy, or is
scting in circumstances simulating those of microscopical vision. Problems of
considerable interest have hitherto remained unsolved, and indeed it would seem
that no one has ever previously performed any experiments in an atcempt to solve
them. Experimeats on four such problems will be described 1o the present papcer.
“These are (1) the focus of the cye, (2) visual acuity, (3) the relation berween the
juminance (brightness) of the object and visual acuity, and (4) the diameter of the
pupil.

Some of the best-known studies of visual acuity have been curried out on very

- small numbers of persons. For instance, Konig (1897), Wilcox (1932}, and Shlaer

(1936) each investigated the cyes of only two persons; Berger (1942) worked with
three. Hecht (1928) based his calculations on Konig's data. In the present study
100 were subjected o the principal experiments, namely those on focus, acuity, and
the effect of luminance on acuity. A smaller group (15 persons) was used for the
study of the size of the pupil.

In the present paper the persons who were subjected to the tests will be called
the “subjects”. Sixty-two of themt were male, 38 female. For the sake of brevity,
ail of them will be referred to by the use of the words “he”, “him”, and “his™
They were a sclected group in the sense that they were all {with the exception
mentioned on p. 251) persons who did not wear spectacles or contact lenscs,
whether for distant or near vision or to correct astigmatism, though a few had done
so in the distant past. The ages of the subjects varied from 9 to 50 years. When
their ages were arranged in 5-year groups, 5-9, 10-14, 15-19, cte., the mode fell-in
the 20—24 year group. For certain purposes the subjects were ciassified as non-
microscopists (24 persons), occasional MICroscopists (54), and experienced micro-
scopists (22).

In a first attempt of this kind it seemed right to simplhity the experiments so far
as possible, and for this reason only monocular vision has beeit s s

THE FOCUS OF THUE EYE

Introduction )

In text-books of optics and snicroscopy, diagrams are often shown in which the
virtual image of the object s scen to be sitnared at or near the minimum distance for
distinct vision (fiz. 1). The rays of light from 2 pointn the object, having converged
from the objective to a poiat in the plane of the eyepicce dinphragm, must theretore
drverge between the eye-lens and the eye, and the latter must be accommodated for
close vision. In diagrams in other books, however, the rays from a point in the plane
of the eyepiece diaphragn pursue a parcliel course between the eye-lens and the ¢ye,
and it follows that the ciliary muscle must be relaxed to give a focus for disant
vision. In Michel’s (1964) work on microscopical optics there are 7 ray-diagrams

<
n
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The function of the eye in light microscopy
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: siowing the cye adjusted for microscopical vision, and in every on¢ of them this
! garallel course is represented. Mollring {1903) says that microscopes are intended

for the normal eye focused at mbiity, and he gives a ray-diagram in accordunce

with this statement. It would not appear, however, that anyone has ever published a
description of an experiment designed to discover what i actually the focus of the
eye in microscopy.

N\ first image

objective.< \

. . \
25 v-object
condenser .. {TY]

A r—
T )

S r - e
vl final image

ysS from centre
Fo o _Point of source

Ve TR
.23 from tower
T~point of source

mirror N

Fig. 1. Diagram illustrating the opinion that the cye of
the microscopist 1s focused for close vision. {(From
Marshall and Gritiith (1928). Reproduced by per-
mission of Messrs., George Routledge and Sons Lred.
New letrering has beea provided.)

Method

In the method here adopted to find the deryee off accommadation of the ey in
microscony, the subject wus required o tocus 1 microscopical preparation by
altering the distance between the objective and the eyepicer, as though the instru-
ment were a telescope. ‘

The princi ;e of the method adupted is indicated in fig. 2. The object throws an
Image at the pianc indicated by the broken line at the bottom of the diagram. The
cyepiece, here represented as a singic lens, is placed with its lower focus at the planc
of the image thrown by the objective (fig. 2A). v ivliows that parallel rays pass from
a point in the image in this plane 1o the eye. If the eye is a normal one, with the
ciliary muscle refaxed for distant vision, a sharp image will be formed on the retina.

- the focus of the objective remuains unchanged and the eye is accommodated for
tearer vision, it will be necessary to lower the eycpicce, so that the rays from a
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point in the image will diverge on leaving the cyepicce o the extent required to
produce a sharp imayge on the retinn, The distance ¥ representis the necessary
downward movement af the eyepicce (g 28).

It is convenient to regard an eye accommoadared for
) were a pormal eye accommedated for distant vision, with a converging lens in froat

of it. The converging lens converts the rays diverging from the eyupicce iato

The degree of secommadation of the eye may then o
ower of the converging lens (e.g. in dieptres).
he method adopted 1n graeater details
ly because the experiment would
as ourside the Tens system of the

1

{
\
nearer vision 2s {hOL‘:gh it

parallel rays (fig. 1C)
represented by stating the p
Tt is now nccessary to describe
Trwas decided 1o use a Ramsden evepiece, part
be simpler if the image produced by the objective W

ST

e L -

Fig. 2. Diagram flusteanng the principle underlying the authot's method for Jdeter-
mining the focus of the eye i microscopy. The cyepicee is reprosentud by a single
lens (o). The dotted lineatthe torrom of the ding
In A the eyepivee is placed in the o
would necessarily assume i the pricToscopisls eye were facused for distant vision, in
B the microscopist is supposcd o have fcused his eye for close vision, and has
therefore brought the eyepicce downwards through a distanee y. In C the eyepicce has
been left in the same position as m b, and a lens € p) has been placed above it; of such

lel rays are produced. The power of this Tens {expressed in dioptres)
t to which the microscopist has aceomnmuodated his eye for

i represents the plane in which the
wition if

image 15 produced by the abjective,

power that paral
is the measure of the exten
closer-than-distant vision.

234

Approved For Release 2003/05/14 : CIA-RDP78B05171A000600070026-9



;
i

TS 8 st i e e o

et < o,

s e

MR L TN

70026-9
Approved For ReleasE003105114 : CIA-RDP78805171A000W

Zhe function of the eye in ok microscopy

the eyepicce diaphragm would therefore be unlikely to attract the attenzion, and
henee o aftect the eye-focus, of the subject. A Ramsden x 10 eycpicee was used
throughou.

The lower focal plane of the eyepicee was accurately determined. Ir was found
e 65 mm (o the tnearest 0-1 mm) below the flar lower surface of the lower lens of
the eyepicce (fig. 34),

& seratch was made wich a diamond in 1 circular slass plare, and arrangement

wede whereby this could be readily slipped into the cyepiece in such a position
that the scratch on jrs upper surface fay 65 1am below the lower lens (fig. 3A), and
readily slipped our again. '

4 Watson “Van Heyrek” MICroscope was used in the experiment, because
has a rack-and-pinion by which the distance between the objective and the eyepiece
can be accurately controlled without danger of changing the focus of the objective.
A Watson “Holoscopic” 12 mm objective, of high N.A. (0-45) for irs power, was
used. The condenser iris wag set to fill the aperture of the objective with light, The
objective was intended for a mechanical tube-fengeh of 200 mm, and the draw-rubs
Was set in exactly the correct position to give this tube-length. The plane of the
flat Tower surface of the lower lens of the eyepicce, when the tube-length was 200

eyepicee, partly because the Ramsden hus a very wide field of view, and the cdge of

]
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Fig, 3, Diagram illustrating, in greater detail than fig. 2, the author’s method for

dczcrmining the focus of the e€y¢ in microscopy by finding the distance y. The diagram
13 not drawn to scale; the numbers represent distances in millimerres,
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mm, was desipnated as “plane A, and the plane of the dizmond-scratch, 6-5 mm
lower, as “plune B (fig, 3AN. '

After trials of various test-objects, a chromosome preparation wis chosen for the
experiment, namely a section of the testis of the news, Triturus sp., fixed in Bouin’s
fiutd and dycd with fron hematein. Inoa particular first metaphuse of maturation the
tips of two chromosomes, beyond the centromeres, lay in exactly the same plane,
and these were sclected as the objeets to be focused (fig. 1), .

Fig. 4. The object used In tiie experiments on the tocus of
the eye in microscopy. [t is & scecnion of the testis of the
newt, Lrituris sp., tixed in Bouwin’s fuid and dyed wirh
iron hamatein, A sidesview of the metaphase of the #
maturation division is scen. The arrows pointat the ends of
chromosomes, beyond the centromeres. It was on those two
ends that the subjects were asked to focus. Both enids could
be brought into exeot focus ar the same time, The scale

epresents 20 1w,

The frare thrown by the obieciive wae brousht exactly inre the plane of the
) ¥ f
i

dinmond-sorarcho by use of the tine aedposiment ol the oicioncope, The was done by
I H

myself, Twas aged 64 and thercrore hud searcely any power of accommadation, and
I wore spectacles designed for distant viston. As a result the scratch was sharply in
focus, and it was only necessary to bring the tips of the two chromosomes into the
amie focus.

The glass plate was chen removed, since the scratch would attruct the focus of
the subject’s eye. Allowance for the thivkness and refractive index of the glass now
showed that the image would be thrown by the objective 0+f mm higber, in plane D
on fig. 3B. If any subject focused his cye for distant vision, he would have to place
the draw-tube in such a position that the reading on the scale would be 200-4 mn.
If he focused his eye for nearer vision, he would have o lower the draw-tube from
this position through the distance designated as y (fig. 3C). '

Euch subject focused the eyepice: twice. It was thought possible that the subject

o
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might be affected by the position in which the eyepicee was left when he first looked
down the microscope. The draw-tube was therefore put well zbove the focus before
the subjeet’s first test, and well below betore his second, He was allowed to move the

- draw-tube in both dircctions untl he was satisticd that he had obtained a sharp
focus on the tips of the two chromosomes,

The position of the draw-tube, when the subject had focused accurately, was
read off with a hand-lens, by estimarion, to the nearest 0-1 mm. An error of 0 i,
or perhaps b!!guﬂy more, was possible in the estimation.

| ’ The relation between y and the focus of the eye was determined experimentally
! b It was necessary to know, for cach distance of y, how powerful an accessory h.r:s
placed in the eyepoint of the cy pxcu. must be, to cause rays diverging from a poiet
‘ in plane “D” to be rendered p;r 1. This might have been done by use of a source
of light placed below the ey p ¢, but in fact the cxperiment was done '1 reverse.
A parallel beam of light was LCLd along the optical axis of the eyepicce from in
upper side. Accessory lenscs ot various powers (spectacle lenses of + 1, +2, +3,
! . etc., dioptres) were put successively in the plane of the eyepoint of the cycpiccc,
| and the distance from the flat surface of the lower lens 1o the focal point was meas-
! ‘ ured. This distance was 65 — y mm. A graph was drawn, relating the ‘power of
the accessory lenses to y. The graph, which only required slwht smoothing to
| , climinate experimental error, was a straight line. Thus for any value of y the degree
of accommodation of the cye could be read off in dioptres.
Since it was possible that some subjects might be hypermietropic, the experiment
: was extended by the use of negative lenses (- 1, — 2, -3, etc., dioptres). The value
of y was now negative (i.e. the focal point was more than 6-5 mm from the lower
‘ ! surface of the lower lens). The graph continued in the same straight line.

N

Resulrs

The measurenents taken in the tests, Initially expressed as values of y, were now
converted into dioptres, to the nearest dioptre in cach case. The results are showa
graphically in fig. 5. It will be noticed that in only 7 of the 200 tests did the subjects
: acrommodarte their eyes for distant vision (1.¢. to 0 dioptre, to the nearest dmpu:.,.
i i Onc subject, in one of two tests, accommodated his eye for hypermetropic vision.
(In the other test he also showed himself hypermetropic, but the resule fell into the
category of O dioptre, to the nearest dioptre.) In all the remaining 192 tests, the
subjects accommodared their eyes for closer-than-distant vision,

It had been supposed that the experienced microscopists might have developed
the habit of using distant vision in their work with the microscope, Tt will be nouced
that they show<_d a tendency to focus the eye for less close vision than the non-
microscopists, The latter showed a strony tendency 1o focus the eye for very close
viston, Many of theny were young persons, cisily able to obuain a sharp view i Joos
j thay 250 mime Teds probable tud they were not acewstomed o place the cye very
i : close to any such object as an eyepicce, and that the involuotary result was o
; atempt to focus on it.

RERE 2. LR SIS sm

gty

; b A remarkable feature of the results recorded in fig, 5 s that all theee groups of
| sersons show a dip to a low figure in the histogram just wheee one would ¢ p:.ct 2
| high one. It seems that the subjects tended involuntarily 1o make some > attempt

close or distant rather than intermediate vision,

The powbxmy suggustcd irself that there mught be a stronger mdc.my towards
distant vision if the microscope were placed horizonrall ty. A small test of this was
made. Ten persons participated (3 expericnced and 1 occasional microscopists, 4
non-microscopists). Each did t. st four times with the vertical microscope and
four times with the horizontal. The mean focus of the eye was 4-0 dioptres with the
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Fig. 5. Flistograms illustrating the focus of the eye in microscopy. The ¢
ces) of the accessory lens tha would be roquir

renresents the power {in diog

convert a normal eye, focusad fur disaant visiaa, o the eyes of the subjects when they

focused the microscope.

vertical microscope and 46 dioptres with the horizontal. Analysis showed that the

difference between the means was not statisticatly significant.

Comment

The results of this investigation of the focus of the eye in microscopy indicate (1)

that in diagrams showing the path of light.from the object through the micrescope
=] o & <
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The function of the eyt fight microscopy

to the reting, the rays from a point in the object should divergs between the eye-lens
and the cornean, and (2) that the Lprmu_ diaphragm should be placed closer to the
cyc-iens than the lower focal plane of the latter.

VISUAL ACUITY

ry to distinguish

i Introdiection
: The microscopist is primarily concerned with the resofoing pewer ot the integrated
¢ instrament, microscope-plus-eye.
| Berger (1942) sought to draw a distinetion benween the true resolving power of
the ¢ye on one hand and visual acuity on the other. He cviuct”‘y regarded the later
; as an ili-defined but empirically useful idea (a compiex function in which many
factors, at first not thought of, enter ).
The mere recoguition of the presence of a single point of light or of a durk dot
: doss not mean th'\t it has been * mo‘n.d by the eye, in the sense n which the
E word “resolve” is used in optics; or, to put the same fact in other words, Prunkren-
! schshdrfe (Hofmann, 1919) is not the same as visual acuity. Hareridge (1923] u«mcd
!
i

what ammounts to a visual acuity of about 6 (that is to sav, the abii

lights subtending at the cye an angle of about 1 6", but this very high figure appears
1o be open to the objection that he was not measuring visual acuity in the strict
sense (by determining the minimum separabife), but was relying instead on the
subject’s szf\[em:/.sc/zarf:..

Fofmann (1919} based his conclusions about visual zcuity on the ability to see
separately bright points, lines, or larger spaces, separated from one ancrher by a
dark area. Fle remarked, “To avoid all misunderstanding it must be emphastzed
hat in what follows I usce the conveniont expression Seischdrse ... solely Ior the
capacity to sepirate points, and therefore narurally also lines or larger surfaces. The
limit of Sehschd rfa Lorrr.s'muqs tnux, to the minimun separabile” In the present
paper the expression “visual acuity 7 Is used in exact JL\.OFJJ"lu, with Hofinann's
Sehschdrye.

The :bili[y to see separately bright stripes or points on a dark b-‘ckyz‘ouu has -
been used from time ro time by various other authors as a test of visusl acuity
{c.g. by Lister (1913, in tests carried out in 1831-2), Wilcox (193.2), and Berger
(1942)), but most workers on the subject seem to have regarded Landelt’s {190 1]
broken ring as the most critical test. It was used in the elaborate and well-known

\pcrimmts of Lythgoe (1932}, and is widely quoted in authoritinve text-books as
the best (see, ¢.g., Enoch, 1963). It is therefors necessary to consider in some derail
the reliability of LandolUs broken ring as a test-object for acuity of vision,

A west-object Is shown in fig. 6A, The bright arca enclosed by the black 1w seen to
be situnted at the right side of the obieer, Suppose dint ar o certain distance, and
with a certain luminance (©brightness ™) or the brighuarea, the sabjectis justable to
recopnize the fact that this bright area s wo the tipht, Now present him with the tost-
The bright area 15 smulier, bur provided that there 15 a

abject shown in fiz. 6B.
compensating increase in the luminance, there 0o reasor why the xul\;cgt should
not still be able to recognize the fact that 1t is an the nighe side. Io could be made
much smaller, and the subject would still be able to recognivze its position in relatior

to the whole object, provided that the juminance was sufhicient. This test would not
provide evidence as to whether the subject could distinguish the light at the top of
the bright area from the light at the botton ot it, The angle subtended at the eye
by the top and bottom of the bright area would not be relevant to the problem of
visual acuiry. Indeed, the test would not scem to solve any specific problem con-
nected with the subject’s vision. The threshold of sensutivity of his eye to light would
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14 only be indicated In 3 vague

presumably be concerned. Visual acaity itself wou
bright arca (perhaps the

way. One might possibly record the distance between the
centre of i) and the (,Ldm_ of the whole test-obiect, but a stdoment of the Pfq-
by these two points would enly give a rough and uncertan

subrended at the eye U

impression of visual acuity.
It is true that one may be sal ack (or very dark) object, i one has

.
ywight one Um stance, the bright surrcundingsy, because of the
fdenty-darkencd arca in the retina; and

in this sense it mivhe be claimed that one could “see” the black limits of the gap,
so that thc angle subtended by them at the eye would be relevant; but any such
“uision” of Blackness would presumably be outlisted and outweighed by the real

o tsecTab

just tooked ata't
change in the nerve imipulies from the sud

vision of the light in the gap. .
If the diamcter of the black area is now progressively redus

hollowed out (fig. 6C, 1), the same argunients stifl apply. With sufficient funminance,

and 1ty centre

e

e
o

&

Fig. 6. Diagram illustrating the auchor’s criticism of Landolts broken i

test-object for visuil acuity. For fuli explanution see st

s o recoyiiae the ponait ton ol the brapht aves in reiation Lo the
Lest-obiect shown i i or. Puirdher
he ".‘-Lllhjd

FEER

the subject will be abl
vhole object. WNext, plo.\"n b with the

by

ceduction in dinneter combined with the hollowing out of the centic

in the p'oduwnn of Lamdoit’s broken ring, which is exaely represenied in the
figure, The ring is shown to the cubject in 8 positinns separated from one anoth cr hy
457, m “muom order, and he is required ro say whether the gap s to the N (Hg. 68
N.E., K. (fig. 6L), cic.

\‘v 1m Landolt’s test is appli
measured in minuies or fractions
brokcn ring are preseated to the whj

of the gap. The smallest angle st whic
(hc. reciprocal of the figure sbtained s given as the numerical statenient of

visual acuity. Landolt himseit and many othus {e.g. Lythgoe, 1932) hav recorded

the angle suhtended at the eyve by the gap is
of 2 minute,-and smaller and smaller copies of the
ctunul he can no lon% rccm'nm the posi ition
h he can stll state is position is r;wrd:.u, and

Wie
g‘;lt;
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The function of the cye in light microscopy

visual acuities of 2 or more (i.c. the angles subtended have been 17 or less), when
Landolt’s broken ring was used as test-object.

Landolt’s broken ring scems to he subject to the same adverse criticisms as those
directed against the test-objects shown in fig. 6, A-D. The angie subtended at the
eye by the gap does not appear o be relevant. No proof is afforded that the subject
can distinguish the light at one side of the gap from that at the other. The mininmon
separabile is not measured. The position of a very small gap could be recognized, if
uminance were sufficient,

The familiar tests with printed letters as the test-objects for visual acuity are
convenient for clinical use, but it was well undersrood long ago (e.g. by Guillery,
1891) that there are valid objections to them. The various letters ditfer in the case
with which they can be read, and the recognition of their shapes involves not enly

~—
jo it
PR

10

-t

oAl

the act of seeing but also a mental process (Denkace). Ttis realized that the minimm
cognosctbile Is not the same as the pririmum separatile, which consritutes the true
test of acuity.

idethod ,

For the reasons just stated, it was decided 1o discover the mantimum separabile by
the use of test-objects consisting of bright paralle! stripes on a derk background
(fig. 7). The width of cach bright stripe (left-hand pair of arrows in the figure) in.

- e g gy g

i I
ik LSS K]
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I ¢ b1
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Fig. 7. Part of onc of the author's test-objects (mug-
nified). The arrows indicate the widths of the bright
stripes and of the intervening dark area. ’

all cases subrended an angle of 1" at the eye. The disiances berween the bright
stipes (right-hand pair of arrows) were 4,2, ', and 4. Fig. represents one of
the test-objects. Four groups of bright stripes are seen. The subjects were asked to
count the number of stripes in cach group,

To simulate as well as possible the usual conditions of microscopy, ransmitted
light was used. The test-object was prepured by making a farge drawing in negative

b
&

contrast: that is to say, the stripes were drawn in black ink on awhite ground. The

drawing was then photographed to make a much smalier negatve, in which the

stripes were nearly transparent on a nearly black background, The wgative (a
2in. x 2 in, plate) constituted the test-object.

It was thought undesi. " I¢ to reduce the orighnal drawing to such an extent that

4 at the standard distance of

the stripes would subiend angles of 4, 2, I, and V*
close vision, namely 25 cm. It would be difficult to muke satisfactory photographic
fegatves on such a minute scale and it wouid aiso be troublesome t hold the sub-
JecUs head sufticiently firmly in the right position, for a small change in position
would have a large effect on his capacity to count the lines, For this reason every-
thing was done on a scale of x 10: that Is, the test-object wus placed 2-5 metres
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Text-object Z. The bright
ipoes subtend angles of 47,27, 1" and
t the eye, i the test-objectis held
metres away, (The small wriangles
arce mcivded in the test-object ro en-
sure that its size is correct. The dis-
tance between their upper angles
should be 20 mm.)
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way. Since the tangent of 1”.ar 25 metres is 0-727 mm, the test-object was made

3

a
approximately to this scale. Fig. 8 is made as exactly as possible of thL. COTTCCt Si7C,

Zris worth remark that Landolt {1904 made a serious error in smtm" that the
tangent of 1" at 5 metres is 145 mm and at 33 cm is 0-96 mm. These figures for
tangents arc approximately 10 times to great. Thev may have misled other workers,
who have reported astonishingly high visual acuitics.

The optical density (extincrion cocefficient) of the test-objects was measured in
both the bright and dark arcas {sec Appendix [).

The test-objects were illuminated from behind by « 12-volt, 100 watt Philips

‘mirror-conndensor” lamp, placed 12 cm behir 1d the test-object. The lamp can be
obtained from photographic dealers. To nﬁm he light, two picces of ground slass
were fixed between the tront of the 1 wmp and the test-object, 28 mm and 4 mm from
the latter.

A variable resistor allowed the fuminance of the ground glass behind the test-
object to be controlled by the subject.

There is evidenice that the surroundings of a test-object atfect vivual scaity. The
test-object was therciore placed ar the ceatre of a circulir area of white paner,

surrounded by black (17, 9). The circular arca represented the microscopical ficld of

view, limited by the eyepicce duphragm, 1o was made 1554 mctres in diameter, and
thus subtended the sarme angle av the subjeets eye as the mean field of view of 8
typical eyepicces of medium power made by four well -known British and Contineatal
manufacturers. The whirte paper was u.um‘n\uui by the daylight of the room.
It was so placed that sunashine could never fall directly upon it Irs luminance was
commonly about I-1 log. foar-lamberts, but naturally this varied wich the weather.

When the eye is placed at the cye-point of an eyepicee for microscopical vision,
hight strikes the eye not Gy from the microscopical ficld of view, but also—very
obliquely—from the general illomination of the room, between the top of the eye-
picce and the eye. It was thought necessary to simulate the conditions of actual

ricroscopy in this respect.
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The furcelon of the eve in'lighe MICroscopy
The 8 gyepicees just mentioned g:x\'c the following mean measurements
diameter of t(); oi oy 'cpiccc 28 mm
digmeter of aperture for eye-lens 86 mm
& board was cut to represent the wp of the eyepiece, 10 times this size; I wag
blackened on the side on which the suhuu sat. 'l'h subject looked through the
hole with onc eye (chosen by himself) Jy the other eve being covered by an eye-shicld
or hand (fig. 9. It was necess Sary to puw the cyc at the correct distance from the
board. The mean height of the exit- pupil (Ramsden circle) above the top of the
eyepiece, in the 8§ examined, was 81 mimn: it was therefore necessary to place the eye
zbout 81 em from the board, since uuvt’nn rwas on the scale of 10: 1. This was
achieved by asking the subject 1o hold his head still in such a position that two white
dots, one of whuh ts marked by an arrow in hg. ), formed the limit of his ficld of view

b

ol
£
S

ET Sy et e

H
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7. 9. :\ ,uh)g«_t undergoing the test of visual acuity, \‘u sits §n front of o L)!AC«
ruuuu‘rm;' the top of the eyepicee, muagnitied 10 taen, The test- object 1y in the
contre of the white circle thau represaats the pnroscopscal fietd of viese, Th arrow on

rthe Idt POKIG o one of the tao white Spots that werves o ensure that tie subjea™y
eye 15 205 metees from the tose- ~object and about 81 ¢u frore the black tingr. For full

u(pl‘malu)u see text,

It was arranged that when this was’ 50, his eye was as nearly as possible 81 ent from
the circelar board representing the eyepicce, and 25 metres from the tost- b}hct.

The test was carried out as follows,

The subject was shown one of the test- objects from close up, and the nature of
the test explained. He was bricfly shown the 9 test-cbjects, without being given an
opportunity to study them; he was told that ) ey were all different from one another
2 the arrangement of the lines. He was told tint there would be four tests, and that
cue of the test-objects might be shown twice. e had no me s of knowing that in
fact every onc of the 100 subjects was shown the same three test- -objects, designated
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X, Y, and Z, in this order, and X was shown a second time after 7. Y and 7 v
l; shown with the bright stripes horizontal, X was shown on the first occasion with the
' strapes horizontal and on the second vertical, o allow astigmatism to reveal itself, j
in the description of the results, the symabol Xv is used to mean the test-ohi
placed with the steipes vertical,

In all three test-objects there were 3, 4, or 5 bright stripes in cach of the four
groups of stripes, but the subject had no means of knowing this, apact from hiy
ability to count them correctly during the test, Details of the three test-objeets are
given in Appendix 1.

The subject took up his position as described above, with one hand on the control
of the variable resistor, He was allowed to move the control as often as he wished, Fe
counted the casiest group of stripes first (47 apare), and then procecded to the more
difficult ones (2') then I, then ¥). Fe was allowed as long a time as he wished, The
position of the pointer on the scale of the resistor was nored wien he hed finished
counting ail the stripes on g particular test-object, so far as he was able. Al his

counts were recorded.

Resules
: Since each subject was presented with four tests (test-objects X, Y, Z, and Xv), and
in each test there were four groups of lines, it was theoretically possible to counr
‘ torrccrly 16 groups. The maximum possible score, 16, was not obuained by anyone.
i A girl aged 17 and 2 man aged 20 achicved the highest score, 14, A man aged 50
counted 13 groups correctly. It will be remembered that the subjects were a sol :
group, since all of them were persons who did not use spectacies or congacr |
for any purpose, '

The results obtained in the test of visual acuity are briefly summarized in
;! Appendix II
| The figures show that the broportion of correct counts was lower at all fi
eparations of the bright lines (4, 2, 5and 1), when the test-object was Y than
when it was X, Z,or Xv. Test-object Y has 5 bright lines in cach group, whereas
the others have 4 or 3. The facts summarized in statistical form in Appendix T11
leave no doubt thae there is a highly significant differen ¢ botween the resulrs
obtained when there are 3 brizht stripes and those obtained when there are 4 or 3.
The experiment was not planned in such way as to allow a definite answer to the
question whether it was casicr to count 3 than 4 stripes, but the figures obtained do
R0t suggese that this was so.

The tact that 4 smal number of Tines is mare casily resolved by the eye than
larger number was attribured by Cenrady (19 3t circnme e, arising from

our

-

the undulacory theary o' liehe, B the porsability tha (he fugher comies ol e b |
iy be concerned must not be averlocked, One mighy stppote thar difiiculty in !

making the BECCLSAY Cye-movements to cover the Lirger nuniher of bright stripes
was the cause, but if this were 5o, one would expect that the diiiicu![y in counting 5
stripes would be more evident with the more widely-spaced stripes. With the stripes
at separation of ', ttle or no movement of the eye might be NCCESSALY 1O count 5 r
stripes. Whatever the explunation may be, ¢ seemed best w0 exclude the reselts -

obtained with test-object Y from the graphical representation of the results (Aig. 10),
since the results with wst-objects X, 7, wnd Xy appear to be more reliable as indi-
cators of visual acuity unafivcered by other fictors.

Fig. 10 reveals that a group of bright stripey separated by 47 can nearly always be
counted accurately, and the 27 group in 81 p.e. of tests. The I group can usually
ot be counted, and when the separation is only ' the number of correet counts s
less than 9 p.c, Tt seens right to put the visual acuity at § (in the sense thac reliable =

E
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The function of the eye in light microscopy

counts are usually made when the separation of the bright stricos 1s 27 but not when

s 1),

Several subjects (who were presumably astigniatic) found it much easier to
count the stripes in test-object X-when it was turned through 907 into the Xv
position, but no general tendency of this sort was observed.

Comment

‘Tae visual acuity revealed in this experiment is much less than has been recorded
by several other investigators. This rthay be due i part to the simulation of the
circumstances of microscopical vision, but the main cause must be that nothis N WS
sought in the test except the discovery of the minimum separabile. The reasons for
rejecting the vahmt} of the Landolt and similar tests h.xs been considered in some

detail on pp. 239-2
306 — 29'4

est-objects

COUNTS

200 —

ECT

&l
(vt
O
O

i34

160 -

Ca

SLE S UZSTENDED (MINUTES)

AR Nt
Fig, 10. Diagram Ulustrating the results of the tests of visual acuity with test-objects
}\, Z, and Xv.
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It a person with normal power of accommodation can count stripes 1445 myg
Apart at 25 metres (a separation or 27, it follows that he might be expecied 1o
count them at the standard distance of near vision (25 cm) if they were s >purated
by 145 u, :

The distance apart () of two poings of Lightthar can just be resolved as separate
by a microscope objective is given by the familiar equation
0-81 A

: 3
LsinLe

=

.

where \is the wave-length of the light, « is the half-angle of acceptance by the
ebjectve, and nis the refractive index of the niedium inwhich the angle is measured,
&nordinary od-immersion objective of N.A. 1-30, used wirh bluc-green light of
wave-length 500 mu, is therefore just capable of resolving as separate two points
0-235 w apart. It the objective magnifics 100 times, the corresponding points in
the primary image will be 235 wapart. In order that these may be seen by the cye,

*

- . . : o 45 .
it follows that the cyeprece must magnify at least 555 = 6-3 umes. Somewhat

greater magnification would probably be justifiable to relicve the “strain” that is
supposed to exist when the eye s used at or near the limit of visual acuiry,

The equation given above shows that an objective of N.A. 140, used with violet
light of wave-length 415 mis, resolves 04181 . It follows from the resulis recorded in
the present Paper that if the objective mzgnifics 100 times, 2 x 80 eyeplece would
be required to resolve every detail in the image thrown by the objective. Once again,
it would presumably be justifiabie to use an eyepiece of somewhar higher power.

Although a person with normai sight would not actually need eyepieces of higher
power than these, exeept w reduce “strain”, and could not increase the resolving
power of his microscope by using such eyepicces, yetit would be pertectly justifinble
for persons with low visual acuity to use cyepieces of higher power, A curious out-
come of this line of reasoning may be mentioned. If anineals were 1o becon
sufficiently intelligent to he able to design and make optical instruments, they mig
well construct objectives similar 10 our own, but very different cyepicees, The
Square-lipped or “white® rhinoceros, which has very poor vision, might make :
eyepieces of very high power, or even use an accessory compound microscope to i
view the image thrown by the objective: bur ir scems almost certain thar many
species of birds would use eyepicces of lower power than those needed by maa. '
There is litte dircet evidence on the visual acuity of birds (Rochon-Duvigneaud,
1943), but the sienderness and close packing of the cones in the fovea suggest high
acuiry. Rochon-Duvipneaud courzed 81 cones in a distance of 100 ioacross the
central foven af the connnon buzeard, Brcoo bureo (1), in comparison wirh 39 o
50 1 maa, e connidered that the <hopt oo seaele, Crrecrrs siticu (¢ selin, iy

have even closer packing of the cones thay orher Accipiires, On the basis of (he
number of cones in each square mm of the foven, Walls (E02) claimed that some
members of this group must have a visual acuity at feast 8 times that of man, If
this were trug, such birds could discard the evepicce without loss of resolving
power. They could use the objective as a simple microscope, though they would have
to re-design it slightly for the production of divergent or paralicl rays (and they
would need 1o devise 2 pow way of correcting apochromatic objectives and high-
power achromats for the chromatic difference of magnification),

Itis perhaps legitimare to express the diflerent eyepicee requirements of different
obscrvers by the aphorisny, “The objective iy objective, the eyeplece is subjcctive.”

It the conclusion of Lythgoe (1932) were correct, and were applicable to micro-

scopical vision, Very surprising results would ensye, With a visual acuity of 2 (i
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The function of the eve in light microscopy
Pacity to resolve ar g separation of 1, a person could sec separately lights only
26w apart at a distance of 25 ¢m. There wotild, therefore, be no necessity for
O Use an cyepicee magnifying more thun 1-35 times with 2 x 100 objective of

N.A. 130 (

55 l~55). [tis unlikely that 2 single microscopist could be found
who would acceprsuch a proposition,

THE EFFECT ov LUMINANCYE ON VISUAL ACUITY

Inrroduction

In this section the word “illumination 7, Ininverted commas, will be used wherever
it is convenient to have 4 comprehensive word to include al] the various techrjcal
terms, with precise meaniogs, that 2uthors have used ro repeesent the ameount of
Ight used in their investigations (tlumination in the strict sense (fux), luminance
(toot-Tamberts, ete.), luminous fluy (lumens), luminous intensicy {(candela), and
retinal lumination (photons)),

It has long been supposcd that visual acuity rises with increased “Hiumination®
insuch a way that if o graph be drawn with visual acuity as ordinate and thelogarithm
of the “illumination” as abscissa, a straight line is produced. It follows, on rhis
supposition, that there js not an optimum “illumination for maximum acuity,
beyond which acuiry fulls off.

Konig (1897) was one of the first w0 purt this belief in concrete form. His graph
consisted of three straight lines. There was ficst g gradual rise in acuity with increase

-of “iatensity ”, but this parrofthe graph must have relared 1O 5COLOPIC vision, which
is irrelevant to the micescopist. The line then turned sharply upwards il it reached
3 maximum, beyond which it passed on parallel 1o the abscissa, Hechr (1928)
fe-analysed Konig’s data and showed that a somewhat S-shaped curve, with a long,
neacly-straight centeat portion, would represent the facts more exactly, but he
accepted 15 ig’s main conclusions,

- Lythgoe's graphs show the same general form, except that there is no terminal
part parallel to the abscissa. He stopped increasing the “i{Humination ” beeause he
thought the intense light ‘would damage his test-objects. Lythgoe’s conclusions
have been accepted by most writers on the subject, including the author of the
standard work on photometry (Walsh, 1958). Reasons have alrcady been given for
Supposing that Lythgoe’s resulr was almost incvitable from the use of Landolt’s
ring as test-object. :

Lythgoe Liys greqe emphasis on his conrention that in studies of this sore the

Il

“iniiatiog shoufd Le et o the aleciey 1 lowirichine £,

teaches the surpinuy concision U o o VEater whio vy fepontd g
optitnum visual acuity wuh rather low SHlumination™, and 4 tll-off Il acuity
beyond this point, have beea led 1o mcorrect resulty by using non-logurichmic

abscissa,

Method
The experiment formed part of the test o visug! acuity, which has alveudy been

described (p. 241). It differed from those of other investigators in that the subject

¥as permitied to choose the luminance best suited to his vision, by control of the

resistor included in the electrical circuit supplying the source of light.

The variable resistor was provided with a arbitraty scale. To calibrate this
arbitrary seale, the luminance of the ground glass immediately behind the test-object
Was measured by an S.E.J. photometer, with the pointer of the resistor in various
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posidions. The ¢ libratton was done 0 a Jduck room. The photomurer was held at

o, directiy in tront iFit. The readings of luminance

sbout 18 cm from the ground ;
in fog. foor-lamberts, for a paricular
considerable changes in divtance were made. The re

sething of the 1esIStor, did not vary cven if
wlings were graphed to obtain
by the subjects from 0 o

intermediate values, The lumiranes could be increased
more than 4-0 log. toot-lamberis.

It is 1o be noted that the values obtained represent the true feminance of the
around glass screen just behind the test-object. Reliable figures could not have
Geen obtuined if the photometer had been beld at the distance of the subjet’s eye
(25 metres), since the aren of the ground glass was not cufficient to give readings
1d so fac away. [t follows that

pnaffected by distunce when the photometer was he
priate method for the purpose

aithough the luminance were measured by the appro
intended, they do not provide a direct indication of the flux of light entering the eyes
of the subjecis,

It was soon noticed that many of the subjects, after st CXperimenting with
various degrees of luminance, wsed g fairly bright light for counting the groups of
stripes separated by 4, but cut down the light when they were trying 1o count the
more difficult groups, especiatly those separated by enly 1701 {7, Indeed, 2 consider-
able number of them said aloud that they found it necessary to do this. The lumin-
ance was recorded (by noting down the position of the pointer on the scale of the
resistor) as soon as the subject had finisked hus attempt 1o count the bright siripes on
each test-object, i.e. when he had been trying to count the more difticult groups.
Care was taken to avoid error arising {rom thoughtless movement of the pointer by

s

the subject after he had finished announcing his counts.
Results

These are recorded in fig, 111 will be noticed that, in accordance with Lythgoe's
strong recommendation, the abscissa is logacithmic. Nevertheless, the results
obtained do not hear out s contention that there is 3 continuous rise in visual
acuity with increase of luminance. On the contrary, the modal Juminance chosen
by the subjects when trying to count the closer stripes was only 2°5 10 275 log.
foot-lamberts (e, from about 116 to 562 foor-lamberts), though by the mere
rurning of a knob they could have used any amount of luminance up to 1 log. foot-
Jamberts and beyond (e, to weil over 10,000 foot-inmberts).

It might be supposed that the subjects chose the tugiinance more ot less at ran-
dom. The experimeni was conducted in such a way that this possibility could be
tested, although the subjedes nad no knowledge that this was being done. The
Loy in tesi-objoor 7 was twice (hat in rest-object X,y

fond densioy of the brigl
were closely similar (see Appuiniis

i adbother senpeds e Two Lot objoe
1. 1 was ipuassible Lo e sl 1o e i, bevause they hund 1he
fived on test-object Y afler anempung to couint Lthe stiipes on X andd before arempt
hose on Z. [t was therefore geievant 1o notice whether the subjedts

‘il' Altentien

ing 1o count t
would use a stronper illumination with 7 tian with X

Phe result of this investigation = set oul craphically in fig. 12, The reader will
at once notice the marked difference Berween the two histograms. )
strong tendency for the subjccls 10 use more licht when the rest-ob

joct was 7.
dth X was

Statistical study confirms this conciusion. The mean chosen luminance w
464 foor-lemberts; with test-object 7y 762, Thus the difference between the means
was 328. ““he standard error of this difference was 833+ The difference beiween
the means was 394 tmes the standurd ertor of the difference, and therefore highly
significant statistically. It followes that the subjects did not make random chotces af
Tuminance, but adjusted the lupinance o their needs.
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: CHOSEN GRADES OF LUMINANCE
I
! Fig. 11. Histogram showing the grades of luminance chosen by subjects in the tests of
. visual acuity. (The luminance iy that of the ground glass plate placed 4 mm behind the
| h",l’lllii&'.x'l,‘)
! Comanient
; e fucts presented here prove that the subjects chose rather weak tuminaoee
: the test-object when they were trying to count the bright stripes subtending smali
! angles at the eye. This result is conirary 1o the prevaiiing opinion, but the reason
for the difference has already been made cleur
; It is a remarkable fact that three independent observers (besides myseif) who
. used sransmitted light o luminate theie test-objects, tound that the highest acuity
i wus not obtained with the strongest light, Lister (1913), who used light reflected by a
H mirror from a white cloud on sunny days, somctimes found it necessary to interpose
i thin “gauze paper” between the mirror and the test-object, to moderate the light.
Wilcoxs (1932) bright stripes consisted of metudlic mirrors, and although these were
f illuminated from the subject’s side, yet the virtual image of the source of light was
}
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Fig. 12. Histograms showing thut lix the tests of visual acuity, the subject tepded to
choose different grades of luminunoe according o whether the test-object was Xoor
Z.
necessarily behind the stripes, so that in effect transmitted light was used. Ir was
Berger (1942) who first aoticed that transmitted light diftered from incident light
in this respect. He did not use the expression “rransmitied light”, but wrote ol
“gelf-luminous objecis . Actually, however, he iluminated transpurent spaces i
dark backgrounds from behind.

It is scarcely necessary to poing out the significance of these findings ::"or t}}c
microscopist, since transmitted is more commonly used than incident light in
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microscopy. it must be mendoned, AOWCVLT, that Shlaer (1937}, who used a
complicated type of transmitced light, did not find any decrease in visuai coaity with
increase in “illuminaticn”

TYE DIAMETER OF THE PUPIL

oduction

If the refracrive propertics of the component parts of the eye wer
perfect image-torming sysien, it would follow that 2 large -
csolving power. In fact, however, as 1 well known, the margina ray

Sl UV (R

.

2

W

are less we..

.
corrected than the intermediate and paraxial, and as 2 result 1o cuily
scarcely changes when the diameier of the pupil increxsss e 2w 2 {Sten-

strdm, 1964). It is perhaps for this reason that Mickel {1504), 1n his discussion of
the visual acuity of the eye in MICrosCopy, assumes a pupillary diameter of 270 max.
The diameter is of interest, however, not only for its iniluence on visual acuity, but
ts0 because the diameter of the Ramsden circle of the eyepicee should be related

P
281

¢o it. It was taerefore regarded as important 1o ObLain Mmeasurenenis ol the puptilary
diameter in persons actually using the microscope, partly because the diameter might

= found o be less than 2:0 mm (in which case the visual acuity would bu icss),
partly 50 us to provide reliable information on which to base the design of eyey. Ces.

Hethod

The diameter of the pupil wes found by reliance on the conscnsual reaction, which
asures that in alt normal persons the diameters of the two pupils are the same, even

whea they are differendy ilfurainated (Steinach, 1887; Heddwus, 1904 ; Duke-Elder,
1932).

The microscope was set up in a vertical position. The object was @ section of the
testis of the newt, Trinerus sp., dyed with ron haemarein. A 4 mm objective and x 6
ooicce were used. Kohler illumination was provided. The iris diaphragm of the
substage condenser was sct to give a cone of light filling about 3 of the aperture of
the objective.

Each subject chose for himself the intensity of the light by moving the control
wheel of the variable resistor forming part of the microscope lamp.

The subjects of chese experiments were all expericnced DHCTOSCOPISts. This
limitation of the subjects to a particular group was imposed because others would
not have had sufficient experience in the adjustment of the intensity of the light
when making microsconical obscrvations. In this scl of experiments visual acuity
was not directly concerned, and experienced microscopists who sometimes wore
spectacies were theretore not excluded, provided that ihey were persons whao were
rot accustomed to wear them when using the nicroscope. No one wore specincies

(&

when the eye was photograplicd, since tais would have altered the appirent 2120
of the pupil.

A Zeiss-Tkon “ Colora™ 35 mm camery was used to photograph the eye that did
rot look down the tube of the microscope. The fens of the caniera had : focal fength
45 mum. In front of it was placed a Zeiss " Proxar” double fens of tocal length 10

cra. With the camera focused at infinity and the Proxar in position in front of it, the
ohjcct to be photographed must be 165 mm from the front of the mount of the
Proxar. A block of wood was provided, on % hich the camera was placed, facing
vertically upwards, The thickness of the block ws such that the front of the mount
of cie Proxar was 105 mm below the pline of the eyepoiat of the eyepiece. The
cemera was placed with its optical axis separated from that of the microscope by
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she average interpupillary distance. Kodachrome colour reversal film (K 135) was 1
wsed. 1he subject looked through the microscope for 2} min betore the photograph i
was taken, To calibrate the photographs obiained, an gecurate ruler was placed }
horizontally in the plane of the eyepoint and phorographed with the camera in the
same position as when used photograph the cyes of the subjects, i

The photograph of the scale was projected on to a screen placed at such a distance E

that the magnification was exactly 1V timies. The photographs of the eyes werc
projected with the same arrangement. The diameters of the images of the pupils
were read off on the screen with a ruler, and divided by 10. Since the pupil approxi-
mates closely to a circle, the diameters werc read in whichever direction the photo- '
graphic image was clearest. 1n some cases reflections from the bench interfered

vith part of the image; in others the edge of the iris was only sharply defined in a
particular direction, especially when it was dark brown,

Zach recorded figure represents the diameter of the “entrance-pupil”, that i< to
say, the apparent dizmeter of the pupil as viewed through the cornea. In what
follows, the expression ** diameter of the pupil” must be taken 1o mean the diameter {
of the entrance-pupil,

Sufficiently satisfactory phoiographs were obtained of the pupils of 15 subjects.

‘ Three of them provided two photographs cach. Eighteen measurements wete thus
available.

If the head was not held in such « position that both ¢yes were at approximatcly i
the same distance above the bench as the cyepoint of the eyepiece, the photograph
would not record accurately the size of the pupil; but the depth of focus of the lens-
system of the camera (with Proxar lens) was very small at the apertures used, and
photographs that were obviously out of focus were rejected.

i A P 1 L

Resulrs
The mean diameter of the pupil in the 18 recorded measurements was 2:84 mm
(standard deviation 0-35).

A certain amount of doubt was felt about the reliability of the measurcments
taken on the screen, because there were cases in which the exact limit of the pupil
was not perfectly distincg, and an error of more than 1 mm (in the magnified image)
was possible. All the photographs were therefore projected a sccond time, and
ssurements were made without any reference to the direction or result of those
c-ade earlier. The mean of the second set of measurements wis 2.82 mum {standard
deviation 0-32). Tt is clear that the method of measuring the photographs was cupable
of giving sufficiently accurate resules, and that one may have some confidence in
saying that the pupil has o nican diameter of about 2:8 mm when an expericneed

microscopist, using monocular vision, controiy the illumination of 2 microscopical

image. The extreme range was 23 pn 35t 1 the first et of experiments atud 23

e,
to 3-4 mm in the seeond,

Comment

It is 2 fumiliur fuct that emotios
Kuntz, 1934). Even the sight ol an interesting profure may cause a change in the
Giameter of the pupil (FHess & Polr, 1960 less, 19635, However, there 1s RO reason
to supposc that the ficld of view cxhibited to the subjects in this experiment was

o states nay aticet the size of the pupil (see e

more interesting than auny other ordinary microscopical preparation, and 1t did not
appear that any subject was in o cmotions stute during the test.
Presumably ticre must be sonie ideal relationship between the diameter of the
wit-pupil (Ramsden circle) of the eyepicee and thut of the entrance-pupil of the eyes
but it would not appear that any precise study of this subject has been published

e .
252 . .

Approved For Release 2003/05/14 : CIA-RDP78B05171A000600070026-9 i



The funcion of z}' ey i Jight nucroscols
;‘pctha; s because the size of the MicrosCopist's pu i has not previous: Iy bec -
sured)- if the exit-pupil of the L_/LP'C’\.L were the t:';rm‘xlcr, come of the ¢l Stve
apcrwrz. of the eye mxght be wasted, o the detriment of the resolvir C

Lye. If the exit- pupxi of the eyepicce and entrances pupil © of the eyc wer ¢ of exactly

the same sive, the slightest movement of the head would cut off on onc side sone
of the aperturd of the lens-systent of the "D‘UOJLOP; {n the entrances pupil were
the s axicr some of the 1pbmm of the lens-systeill of the miCroscope would
1pecessad rily be wa asted.
The diamerers of the exit-pupils of the S eyepiecss of moderate POWCT, aiready
3mcmiorwd, were measured. The mean digrcter W sy 1-7 mm (extremes 1-0 and
O mm). it is evident that with such cycpicces as chesc, 1o part of the aperturc of
i3 gmbahk that with most of

=3

[hc nnu:owomaal lens-systenm W ould e lost, but i
them the full resolving power of the eye would not be used.
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;operdix {. Details of the three 1est-objects for visual acuity.

§ymbol Number of bright stripes present Optical density
for
test-object 1st group 2nd group 3rd group 4th group of bright of back-
{4 apart) 2 apm\) (1 apart) {} apart) SUIpes ground
3 3 4 3 & 05 3%
2 Y 5 5 5 5 a6 2:9
Z 3 4 3 3 1-0 33

It will be noticed that  and 7 very © losely resemble one another, excepl in the optical
? density of e bright [STIAIEN
The symbol v is used Lo mean (he test-object s Noplaced W ith the bright stripes vertical.

Appeadix 1. Lest tor visual acuity s supnaty ol 1ol

Vest- Number Number of perens - Zout of 100) who connted
object of bright  the Lright strpes woi cectiy
siripes
Stripes Seripes Seripes
: ’ & apart 20 apsct Voapurct
: X 3 97 50 i1
Z 3 g8 39 10
Kv 3 99 39 5
1 X 4 87
' 2z ! 7o
g v L 50
5 317 58 22 5

|8
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Appendix KL Compuarison of the cosults of the rest for vis
bright stripes was 3 or 4 with the results when the number was 3,

| acuity when the number of

: Test- Separarion Number Perceatage Standacd Ditterences Sandard Nuniber of }
5 objeCts of beight  of of correct  wrvor of between crror of tirney the {
stripes bright  counts puroviits peresnts ditferences dutferences :
; stripus age ages between between i
H

percent-  the per- i

agus 4

arroc of the i

dirfferences P

X, Z, & Xv 2 3 31 p.c 220 B! §

: r23 543 42 . i
’ 2 5 58 p.c. 4:-9-4 !
Y L b :

; ¥, Z, & Xv 1’ 4 41§ p.c. 287 j
" »223% 5-04 45 §
| Y 3 3 22 p.c. 414 | E
=‘ H
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